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1. INTRODUCTION

The use of  meteorological
information for decision-making has
never been greater. Forecasts have
become ever more sophisticated with
the advent of extremely high-resolution
numerical models. While numerical
models continue to make inroads into
operational forecasting, human-
generated forecasts remain an integral
part of operational weather forecasting
today. Modern forecasts produced by
humans are created through the
integration of a vast array of numerical
model output, observational data, as
well as other human forecasts. The fact
that there are so many data sources
available to modern forecasters
represents a great challenge to the
forecast process itself: namely, how to
integrate all of the relevant data
available to the forecaster to provide as
timely and accurate a forecast possible
(Doswell 1986).

This problem is amplified when one
considers that non meteorological users
are increasingly integrating weather
data into their decision-making
processes. While meteorologists may
know and wunderstand many of the
shortcomings and biases of forecasts,
end users rarely are knowledgeable of
such things. Users may make mental
adjustments to forecasts such as
attempting to correct for recent model
bias (e.g., temperatures are too cold),
extrapolation of forecast tendencies,
and deriving other forecast products to
assist in their own decision-making or
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forecasting; rarely are forecasts viewed
dichotomously as either being wholly
correct or incorrect. Recent work by
Hamill (2003) on numerical model
output found little or no value in
adjusting the most recent forecast
based upon extrapolation of forecast
trends.

We wish to explore one aspect of
forecasts related to their use in a
decision-making context: forecast
consistency. Informally such a topic is
referred to among operational
forecasters as d(prog)/dt (Hamill 2003).
This refers to the change, or lack
thereof, in a series of forecasts, each
issued at a different time, but all valid at
the same time. In particular, such
terminology is tied to numerical model
evaluation and is often used in a rule-of-
thumb sense to make adjustments to
model forecasts before making other
forecasts or actions based on that data.
Such an approach may be perilous for a
number of reasons including model
updates which change the forecast
behavior and perhaps more importantly,
that human beings are not good judges
of statistical significance especially
when small sample sizes are involved
(Gilovich 1993).

In the current study, we wish to
look at forecast consistency for a
human-generated forecast, the
Collaborative = Convective  Forecast
Product (CCFP), and the potential uses
for such a value. There is a certain
intuitive appeal to performing such a
study. The consistency of human-
generated forecasts has never been
actively studied before to the author’s
knowledge. In addition, the consistency
of a series of forecasts is important to
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Fig. 1. 2-h CCFP from 20 July 2004 illustrating basic forecast elements of polygons and associated

forecast coverage.

users who must make important
decisions and take appropriate actions
according to the information they
receive. For example, the Storm
Prediction Center issues a series of
areal forecasts, known as the
Convective Outlook, several times per
day highlighting important areas for
severe weather. The forecast includes a
description of the relative threat, or
risk, for the given forecast period.
Many users are highly sensitive to these
risk levels and use the information for
such actions as altering National
Weather Service field office staffing for
the day and determining local
emergency management activities. If
forecasts are highly inconsistent, users
are forced to make potentially
suboptimal decisions and actions due to
the forecast changes. Similarly,
strategic planning of air traffic routing
requires accurate forecasts in the 2- to
6-h time frame. Conflicting information
potentially introduces huge economic
consequences when reroutes are
unnecessarily introduced. In these
situations some amount of consistency
is desired by the users. Understanding

the consistency of the CCFP may allow
its inclusion in the forecast process and
provide valuable information to
decision-makers.

Section 2 defines consistency and
discusses how to present the
information to the users. Section 3
illustrates several examples utilizing the
CCFP and presents some overall results
from the 2003 convective season.
Section 3 also includes a discussion
about the association of forecast
consistency with accuracy as it pertains
to the CCFP, something that users do
implicitly by considering the forecast
consistency to begin with. Finally,
section 4 presents the conclusions of
this study.

2. DESIGN

The CCFP is a graphical forecast
depicting areas over the continental
U.S. and adjacent coastal waters where
there is a threat of organized convection
which may disrupt normal air traffic
flow. Forecasts are issued every two
hours with 2-, 4-, and 6-h lead-time



depictions being produced (Fig. 1).
This forecast is the primary tool used
for reducing the impact of significant
convective weather events on the
strategic planning process which occurs
in the 2- to 6-h time frame while tactical
planning occurs on time scales shorter
than 2-h (National Research Council,
2003).

It is instructive to briefly consider
how a forecaster would view
consistency among a set of areal
forecasts such as CCFP. First, in the
simple comparison of two forecasts, one
would first view whether or not
highlighted regions seen on the two are
in the same geographic locations. Of
most importance to a decision-maker is
whether or not a given area is
highlighted for certain conditions.
Secondary to geographical location is
the reason why a certain area is
highlighted. In other words, the spatial
locations of forecast features between a
series of forecasts is perhaps the
primary attribute that a forecaster
would associate with consistency
followed by changes in attributes of
those forecast areas.

Based upon this premise,
consistency, C, is defined in the
following way:

_COry 4+COTry 4+COr'y 6

1
3 (1)

where cor is the Pearson product-
moment correlation of the forecast
displays. Subscripts refer to the
combinations of the 2-, 4-, and 6-h
forecasts used for a given valid time.

This definition attempts to mimic
how a naive forecaster would view the
consistency of a set of three forecasts.
One important modification was made to
the correlations used above in (1):
entire forecasts (not individual areas)
are allowed to move up to 200 km from
their original location and the maximum
correlation found is used in (1). This is
done because a forecaster would see
consistency among the areas (shape,

orientation, etc.) while allowing for
differences in geographic location. The
correlations are normalized to the range
(0, 1) instead of (-1, 1) for ease of
interpretation by the user. For this
initial study, equal weighting is used for
the correlation terms in (1). It is
unclear how to attribute wunequal
weighting to the correlations otherwise
as the strategic planning time window
for which the CCFP is used includes the
entire 2- to 6-h time range.

While it is possible that forecasters
place more emphasis on shorter lead-
time forecasts, the correlations between
different lead-times in (1) do not allow
for a straightforward implementation of
a weighting scheme that captures this

behavior.
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Fig. 2. Display of overall consistency for a CCFP
forecast along with correlation coefficients
between member forecasts.
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Forecast consistency, as defined
above, condenses a number of
dimensions of the original forecasts
themselves into a single number. This
value must be displayed in a context
where the user can comprehend its
significance while at the same time
being able to view the components from
which it was derived. Such a display
must also allow for clear, rapid
dissemination of the important aspects
of the relevant information. The CCFP
consistency is presented to users on a
display highlighting the current forecast
consistency relative to the distribution
of all consistency values for past CCFP
forecasts utilizing the cumulative
distribution function (CDF). The CDF
allows the user to rapidly associate the



forecast consistency relative to the
consistency of other CCFPs.

To improve the presentation of the
empirical CDF, it is modeled by the
incomplete Beta function (Wilks 1995)
and this is used to generate a smoother
display. This information, along with
smaller displays showing the
correlations between the forecast pairs,
is shown in Fig. 2. The user will focus
first on the main panel, which highlights
the overall forecast consistency, while
possibly using the smaller displays,
which follow the same format, to gain
additional information. Previous work
has shown that multipanel plots are very
useful once the format of a single panel
is ascertained (Tufte 1992).

The consistency distribution
graphics such as those shown in Fig. 2
are combined with the the graphical
forecast images themselves and these
aggregated graphics presented to the
user (Fig. 3). Such a display allows the
forecaster to see the consistency of the
set of CCFPs valid at a given time, the
distribution of consistency for all
CCFPs, the distribution of correlations
between the 2- and 4-hour forecasts, the
4- and 6-hour forecasts, and the 2- and
6-hour forecasts, along with the forecast
graphics themselves. This combination
of data in one graphic gives decision-
makers access to a wealth of
information about the CCFP that they
may use for making forecasts and other
judgments.

The consistency information is
available for use shortly after the CCFP
has been produced at the Aviation
Weather Center and disseminated to
users at the Real-Time Verification
System (RTVS) (Mahoney et al. 2002)
web site!. The RTVS is widely used for
viewing verification information for a
number of aviation-related forecasts.
The RTVS is often consulted during the
forecast process itself in addition to its
use for verification and evaluation
purposes at a later time.

1 http://www-ad.fsl.noaa.gov/fvb/
/rtvs/conv/2001/display/
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Fig. 3. Consistency display for CCFP from 16 July
2003 wvalid 2300 UTC illustrating high
consistency.

3. RESULTS

Selected results from the 2003
convective season (1 March to 25
October) for the CCFP are presented
below. During this period, 1711
combined forecasts were available for
analysis. The first result to illustrate is
that this measure of consistency does
indeed discriminate between forecasts
that are highly persistent and those that
have large changes. Fig. 4 shows the
CCFP forecasts valid at 1700 UTC on 24
June 2003. C for these forecasts is 0.28,
which is in the 15" percentile, and
indicates a large amount of change
between the forecasts. In contrast, the
CCFP shown in Fig. 3 has C = 0.94 and



falls in the 99" percentile.
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Fig. 4. As in Fig. 3 except for 24 June 2003 valid
2300 UTC. This example shows poor consistency.

The CDFs for the three components of
the consistency are shown in Fig. 5.
The results highlight the fact that each
of the two-hour forecast pairs (2-4 h and
4-6 h) have very similar distributions to
each other with comparable mean and
variance, while the 4-h correlation (2-
and 6-h forecasts) has both a broader
spread and a lower consistency
(approximately 0.2 less than the 2-hour
correlations). This agrees with a logical
progression that one would expect
better correlation between shorter-
range forecasts than at long-ranges due
to the diurnal nature of convective

evolution where convection typically
initiates by early afternoon and
dissipates during the evening hours
once solar heating of the lower
atmosphere has decreased. If the
distributions were identical, then one
could argue that the forecast process
could be refined to producing a single 6-
hour forecast instead of the 2-, 4-, and
6-h forecasts.
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Fig. 5. Cumulative distribution functions for the
correlation coefficients for between the 2-, 4-,
and 6-hour forecast combinations.
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Fig. 6. Box plot of CCFP consistency
distributions as a function of time of day (UTC).

The hourly variation in consistency
is clearly tied to the diurnal cycle of
convection (Fig. 6). The maximum



consistency is found at 2100 UTC, while
the variation in consistency is smallest
for the 2100 and 2300 UTC valid times.
Huberdeau and Gentry (2004) found
that the CCFP may be used primarily
during the earlier parts of the day when
strategic planning is most important.
Later changes to flight paths are
handled with shorter range, tactical
planning instead. The mid- to late-
afternoon time period, where the CCFP
is most consistent, is coincident with a
maximum in convective coverage as
well as a maximum in forecast areal
coverage as well (Fig. 7).
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Fig. 7. As in Fig. 6 except for areal coverage of
CCFP.

CCFP consistency trends slightly
downward during the morning and early
afternoon  hours indicating that
forecasts with differing lead-times that
are valid at the same time look less alike
with time of day. This coincides well
with the arrival of morning upper air
observations and later with the arrival
of updated numerical model output.
CCFP consistency decreases rapidly
after 2300 UTC. This could be a result
of the scientific limitations of
forecasting convective decay on the
time scales imposed by the CCFP. This
hypothesis appears to be supported by
the fact that CCFP accuracy (measured
by its critical success index; CSI)
reaches its lowest values for the 0300
and 0500 UTC valid times (Fig. 8).
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Fig. 8. As in Fig. 6 except for average CSI.

The belief that there is utility in d
(prog)/dt as a surrogate for accuracy
has driven its informal use as a forecast
tool. Hamill (2003) and Dalcher et al.
(1988) both studied this use of d(prog)/
dt series of lagged average forecasts
from a numerical model. Both studies
found little to no relationship between d
(prog)/dt and forecast skill. In our
situation, it is reasonable to think that
the human element of the forecasts
might lead to a different result for
several reasons. Numerical models
initialized at different times share
information only through initial- and
boundary-conditions which may be
dependent upon previous runs of the
same model. Humans have the benefit
of starting with a set of forecasts and, in
the simplest case, simply relabeling the
previous 4-h forecast as the current 2-h
forecast, and the previous 6-h forecast
as the current 4-h forecast. Using the
previous forecast as an analysis,
possibly with no changes, before
issuance as the current forecast, allows
for potential consistency which is much
more difficult to achieve with a
numerical model. Additionally, human
forecasters are aware of the possible
ramifications associated with dramatic
changes to their forecasts and thus may
seek to minimize such situations, while
a numerical model has no such logic
involved. Human forecasters also have
the advantage of verbal discussion with



other forecasters and this type of
discussion helps one to minimize
inconsistencies and changes to
forecasts. @ While these reasons are
purely speculative and may not be
applicable to actual situations, they do
highlight the potential for a different
result than has been previously found
for numerical model forecasts.
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Fig. 9. Scatterplot of CSI vs. consistency for
CCFP.

Figure 9 presents a scatterplot of
average CSI for the forecast triplets as a
function of consistency. As Hamill
(2003) notes, many users themselves
assume that consistency and accuracy
are often used interchangeably. If such
a relationship exists, it should become
apparent with large sample sizes. The
results of this comparison do not
confirm that accuracy is related to
consistency in any meaningful, linear
way; the correlation between the two is
0.31. This data was further segmented
into three regimes based upon areal
coverage trend: forecasts trending
smaller (as lead-time decreases),
forecasts trending larger, and those
with no apparent trend. This was done
to explore whether or not CCFP
accuracy is related to trends in the areal
coverage of the forecasts. The results
(not shown), do not show any
meaningful evidence that as forecasts
trend smaller as they approach the valid
time that the accuracy increases as well.

It should be mentioned that since this
dataset involves all valid times, the
diurnal variation in convection may
actually mask any effect which may be
present in this data.

4. CONCLUSIONS

This study has shown how forecast
consistency, defined as the average
correlation between a set of areal
forecasts valid at the same time, may be
used to provide information to users.
The development was approached in
such a way that its use in operational
settings was considered a priori. Such
an approach to new products and tools
is absolutely critical as forecasters
continue to be inundated with ever-
increasing data streams while working
under unchanging time constraints.
Care was taken to design graphical
displays of the information for the
forecasters so that they may relate the
result, a simple number, to a variety of
other information important to the
context within which the value should
be understood.

Forecasters have long sought
means that provide rapid and intuitive
summarizations of numerical model
forecasts that can help to interpret
forecast information (Hamill 2003).
Hamill (2003) and Dalcher et al. (1988)
both found that for numerical models,
care must be taken not to associate d
(prog)/dt with forecast skill and use
them interchangeably. This study has
found a similar result for human-
generated forecasts. Perhaps the most
important result from this exercise is
that while large values of forecast
consistency may have little relation to
accuracy of the forecasts, the times
when forecast consistency is very low
should serve as an indicator to users
that heightened awareness in the
current situation is warranted.
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